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Basin & Bay Expert Science Team

1)

2)

3)

4)

(BBEST)

Comprised of technical experts with knowledge of
the river basin and bay system and of methods for
developing environmental flow regimes.

LRG-LLM BBEST performs freshwater inflow
analyses based on best available science/data and
recommends environmental flow regimes through a
CONSensus process.

Provide environmental flows recommendations by
June, 2012.

Provide technical support to the LRG BBASC in its
development of recommendations on environmental
flow standards & strategies, and their work plan.
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BBEST Charge and Goal

Each basin and bay expert science team shall develop environmental flow
analyses and a recommended environmental flow regime for the river basin
and bay system for which the team is established through a collaborative
process designed to achieve a consensus.

In developing the analyses and recommendations, the science team must
consider all reasonably available science, without regard to the need for the
water for other uses, and the science team's recommendations must be based
solely on the best science available.

Goal: Develop an Environmental Flows Recommendations Report for
consideration by BBASC and TCEQ



BBEST Project Area

* Six geographically regions:
— Lower Laguna Madre Estuary (LLM)
— Tidal portion of the Rio Grande

— Above-tidal portion of the Rio Grande up to
Anzalduas Dam

— Arroyo Colorado
— Resacas

— Coastal basins between the LLM and the Rio
Grande tidal.
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Sound Ecological Environment

 The BBEST charge is to develop flow regimes “adequate to
support a ‘sound ecological environment’ and to maintain the
productivity, extent and persistence of key aquatic habitats in
and along the affected water bodies.”

* A sound ecological environment (modified from SAC
definition):
— Maintains native species,
— Is sustainable, and

— |Is a current condition. Current condition represents the
condition from some year to present identified by the
BBEST. The period of current condition may be defined
differently for each body of water.
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Resacas

«232 miles, covering 130 square
miles — old Rio Grande channel
*113 miles of oxbows — cutoff
bends in the Rio Grande and
Arroyo Colorado

1 Rio Bravo

Ecology

Rare fish and salamanders
Riparian vegetation — roosting,
nesting, and feeding for wildlife
and migratory songbirds
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Arroyo Colorado

* BBEST does not consider the Arroyo Colorado a sound
environment in regard to flow because the current flow does
not support a healthy, diverse, sustainable community of
native fish and shellfish along its entire length and because
the sources of flow degrade water quality in the upper 15
river miles of the Arroyo.

BBEST recommendation:

Continue reducing waste loading to the Arroyo and explore ways
to improve habitat
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The Evidence

The LLM is famous for its lush seagrass beds. LLM seagrass has decreased
from its peak of 59,153 ha in the 1960s, to 46,558 ha in mid-1970s, and
then to 46,174 ha in 1998. More losses have followed.

Long-term maintenance of normal estuarine fishery populations would
appear to be possible only within the context of a generally sound
estuarine environment.

There has undeniably been a fundamental change in hydrology of LLM
since the late 1950s due to the dredging of the GIWW (1952) and the
opening of Mansfield Pass (1958).

Seagrass changes and phytoplankton blooms have been accompanied by
increased freshwater drainage from the Arroyo Colorado and other
sources.



BBEST LLM Analyses & FWI Recommendations

1) Overview of Lower Laguna Madre
2) Sound Ecological Environment ?

3) Inflow Regime Analyses of Focal
Species/Habitats

4) Hydrology and Water Quality Analyses

5) Environmental Flow Regime
Recommendations
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Major Watersheds in Study Area

North Subbasins (portion only)

Arroyo Colorado Watershed

Brownsville / Resaca Watersheds

Rio Grande Watershed




TWDB Coastal Hydrology Technical
Report — Subwatersheds in Study Area
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Rio Grande — Anzalduas
Average Annual Flows for POR (1952-2009)

Rio Grande downstream of Anzalduas near

Reynosa

Average Annual Flow (08469200)
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Rio Grande — Brownsville
Average Annual Flows for POR (1934 — 2009)

Rio Grande near Brownsville
Average Yearly Flow (08475000)
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Historic Flows in the Rio Grande

Brownsville
Gage
(1934-2009)

Anzalduas Gage

Description
(1952-2009)

Average Daily Flow

Max. Daily Flow

Daily

Values

Min. Daily Flow
Average Monthly Flow

Monthly

Max. Monthly Flow
Values

Min. Monthly Flow

Average Yearly Flow 1,457,837

Max. Yearly Flow

Min. Yearly Flow

Brownsville
Gage
(1952-2009)




Average Quarterly Flow for Rio Grande at Brownsville
Gage
(Avg, Older, and Recent PORs)

Average Monthly Flows by Calendar Quarter - Brownsville
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Arroyo Colorado — Harlingen
Average Annual Flows for POR (1977-2009)

Arroyo Colorado Flow near Harlingen
Average Annual Flow (08470400)
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Average Quarterly Flow for Arroyo Colorado at
Harlingen Gage (1977-2009)

Avg. Quarterly Flow (1977-2009) - Harlingen Gage

W Average Quarterly
Flow (1977-2009)
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Comparative Percentile Flow Distributions for
Common POR (1977-2009)

Monthly Flows - Arroyo Colorado and Rio Grande (1977-2009)

Anzalduas Brownsville
. Harlingen Gage Gage (1977-2009) Gage (1977-2009)
Percentile 1977-2009

10th




Water Balance and Flow Analysis:
Period of Record and Existing Work

POR was 1999 — 2008

— Limited by return data

— SWAT model for Arroyo
tremendous aid

Reliance on TWDB

hydrologic study for

ungaged basins

— North Subbasins

— AC downstream of
Harlingen

— Brownsville / Resacas

Subbasins North of Arroyo Colorado

Arroyo Colorado (Gaged)

Municipal

Municipal




Water Balance and Flow Analysis:
Primary Goals

2 P rl m a ry go a I S Subbasins North of Arroyo Colorado
o i 5
To estimate “natural i 2
fI OW” CO n d iti O n Arroyo Colorado (Gaged) Arroyo Colorado (Ungaged) %""‘T
* Specific definition =
* Flows without returns RESqo °
and/or diversions s

* Approximated by runoff
and losses in stream

— To estimate component - . :E
. RGyanz Rio Grande (Gaged) 2z
flow at important
locations
* % of flow due to:
— Agriculture
— Municipal

— Runoff



Water Balance and Flow Analysis:
Primary Goals (Cont’d)

* Primary goals

— To provide dataset for
development of
cumulative distribution
function

* Percentile flow
distributions for existing
and natural conditions

* Forms the hydrologic
basis of flow
recommendations

Subbasins North of Arroyo Colorado

Arroyo Colorado (Gaged)
RESgo
Resacas
Municipal
Municipal

Rio Grande (Gaged)
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Water Balance and Flow Analysis:
Limitations and Caveats

e General balance of:
— Runoff

— Agricultural and
municipal withdrawals /
returns

— Losses where available

* Specific parameters not
investigated:
— evapotranspiration
— infiltration
— groundwater / interflow

Subbasins North of Arroyo Colorado

Arroyo Colorado (Gaged)
RESgo
Resacas
Municipal
Municipal

Rio Grande (Gaged)
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Water Balance and Flow Analysis:
Limitations and Caveats

 Additional limitations:

— No diversion or return data ———————— -

to Mexico

— POR limited by withdrawal
and return data

— Volumetric flow RES
comparison at monthly o
time step .

— Not location specific within

subwatersheds unless
noted

— Lower Rio Grande Flood

Arroyo Colorado (Gaged) Arroyo Colorado (Ungaged)

JpelA eunge Jomon

Rio Grande (Gaged)
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Control Project Operations
considered outlier events



Water Balance Schematic with Variables

Subbasins North of Arroyo Colorado

Ar royo Colorado (Gaged) Arroyo Colorado (Ungaged)
RESgo
T Resacas
and
Municipal Downstream
Agand
Municipal

Rio Grande (Gaged)
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Main Fldwy

Rio Grande: Inflows and Qutflows

Upstream Ag

and
Municipal

Downstream

Ag and
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Main Fldwy

North Fldwy
ARgq
ARCHAR
AR
l’ l l AR AR CILM

RUM TLAR
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LUMU Upstream Ag

and

LUAG Municipal

Arroyo Colorado: Inflows and Outflows
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Brownsville / Resaca W : Inflows and Outflows



(DUMU + DUAG)

(DLMU + DLAG)
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Flow Values for Upper Region Agricultural Rerturns ( ), Municipal
Returns (RU;,,), and Runoff (ARyg) in the Arroyo Colorado

Flow (ac-ft / month)

Units: ac-ft / month
Average
Median
Standard Deviation Agricultural Returns
Municipal Returns
Rainfall Runoff

Annual Average
Estimate
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Flow Values for Agricultural (RL,.) and Municipal (

|

Returns in the Brownsville / Resaca Watersheds

Flow (ac-ft / month)

Units: ac-ft / month
Average Annual Average
Median Estimate

Standard Deviation

Agricultural Returns
Municipal Returns
Rainfall Runoff




Percentile Flows for Subwatersheds based on
monthly averages over POR (1999-2008)

Flows (ac-ft/month)

1, 353 22,507
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Combined Inflow Percentiles to Lower Laguna Madre
All Months over POR (1999-2008)

Existing Inflows to Lower Natural Inflows to Lower % of Nat Flows /
Laguna Madre Laguna Madre Existing flows
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Combined Inflow Percentiles to Lower Laguna Madre
Dry Season Months (November — April) for years 1999-2008

__ Natural Dry S
Existing Dry Season Inflows to atural ry eason % of Nat Flows /
Inflows to Lower Laguna .
Lower Laguna Madre Madre Existing flows
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Combined Inflow Percentiles to Lower Laguna Madre
Wet Season Months (May — October) for years 1999-2008

Natural Wet Season
Inflows to Lower Laguna
Madre

(ac-ft/month) (ac-ft/month)

Existing Wet Season Inflows to
Lower Laguna Madre

% of Nat Flows /
Existing flows
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Recommendations for future work on
water balance

* Update analysis to
include longer period of
record

— Particular emphasis on
withdrawal and return
data

* Estimate uncertainty in
the current
deterministic flow
values









An Estuarine System
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. Bottom salinity along Rio Grande tidal segment, 1992 t01997 (from
TPWD, Brownsville, Coastal Fisheries Lab.)






Mean Flows in the Lower Rio Grande
(1900-2000)

—— Laredo

—#— Matamoros
5- —&— Brownsville

Mean Flow (x10° m®/yr
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(Data from U.S.G.S.)



Due to a combination of low flow and coastal
current conditions the river closed in Feb 2001







Recommendation #1

Minimum Flows: Minimum flow of 60 cfs at all times to maintain a salinity
transition zone that supports the vegetative communities that transition
along the length of the estuary and helps keep the mouth of the river open.
It is 25% greater than the 45 cfs identified (Ernest et al. 2007) as necessary
to keep the mouth open and it is higher than the average flow of 39 cfs into
the tidal reach for the 28 days prior to the mouth closing in February 2001.
Pulse Flows to Keep the Mouth Open: Daily average flow of 175 cfs at
least once every 2 months (based on flows during 1999, which had lower
total inflow than all but one other year during the period of record from
1934 to 2010), when there were 7 pulse periods with at least one day of
daily average flow exceeding 175 cfs.

Daily Average Flows: Daily average flow of 880 cfs at least once each year
(based on the November 3, 2002 flow of 915 cfs which was part of a wet
period that helped naturally reopen the river mouth by November 7, 2002).
No pulse flows of this magnitude occurred from February 4, 2001 through
November 3, 2002, during which period the river mouth was closed (except
when artificially opened in late July 2001).




Recommendation #2

» Hydrologic stream flow data documents the highly pulsed, episodic nature
of inflows to the estuary (IBWC 2010). Under very reduced flows, this could
produce excessive salinity levels in the upper reaches of the estuary and
create unnatural conditions for the ecological functioning of this part of the
ecosystem.

= City of Brownsville Water Permit for the Brownsville-Matamoros Weir
contains a flow restriction for water diversion at the El Jardin site.

= When salinity rises to a value of 2,250 uS cm- at river mile 23.6, then
water cannot be diverted unless flows are 25 cfs or higher. This salinity
level is the highest value recorded in recent years during extremely low
flow periods, which were reached when the river mouth became plugged.

» In a recently completed monitoring study over the period 2000-2009
(Machin 2009), it was shown that low river flows will produce these
elevated bottom salinities at mile 23.6; thus diversions at El Jardin would
need to be curtailed at even higher flows than 25 cfs. The BBEST
recommends maintaining this 25 cfs flow minimum, but cautions that an
even higher flow threshold could be necessary as a result of further
monitoring and data analysis.



Freshwate Analysis

{udson DeYoe, PhD
Jave Buzan, MS
Warren Pulich, PhD
Edwards, PhD
Jude Benavides, PhD

Carlos Marin, PE

July 18, 2012
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LLM Freshwater Inflow Analyses

1) Focal Species: Seagrass Habitat Changes
2) FWI Effects on Lower Laguna Madre Seagrasses?
3) Hydrologic Record Analysis

4) Freshwater Inflow Plumes as Proxy for Water
Quality Impacts?

5) Identify Inflow Regime Thresholds for Seagrass
6) Develop Environmental Flow Recommendations

56



Estuarine Focal Species

Sessile vs. Motile Species and Responses to FWIs

) Callinectes sapidus =
Rangia cuneata o NS Bulrush

Penaeus setiferus
Adult -

57
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LLM Seagrass Communities

Seagrass Respa or Nutrients




2005 Sea Grass Classification 3 § 2009 Sea Grass Classification

- Dense - Dense
Sparse : & Sparse

No Grass : B No Grass

0 125 25 5 Miles ‘ : 0 125 25 5 Mies

Author: Colby L. Eaves 13 March 2012 ) - Author: Colby L. Eaves 13 March 2012
Classification verified by Warren Pulich - Classification verified by Warren Pulich

Seagrasses Mapped in 2005 and 2009

61



Change in Seagrass Acreage between 2005 — 2009

Nov. 2005 USACE Jan. 2009 NAIP
Acres % area Acres % area

Dense Grass 39,134 40.6 24,067 25.0

Sparse Grass

Bare Area

TOTAL




2011 Seagrass

2005 Seagrass Classification

- Dense

Sparse

Seagrasses Mapped in 2005 and 2011




Change in Seagrass Acreage between 2005 - 2011

Nov. 2005

Acres

Dense Grass 18,453

Sparse Grass 11,946

Bare Area

TOTAL

% area

37.9

24.5

Oct. 2011

Acres

9,324

16,748

% area

18.3

35.1

64



IIHHHHHHII

INFLOW 1 NUTRIENTS BIOLOGY

SUSPENDED
SOLIDS

ESTUARY CONDITION

SAC Figure 2.1-2 — Schematic of Relation of “Biclogy™ to “Inflow”
(Compressed from Figure 2.2-1)

Effects of Freshwater Inflow on Estuarine Ecosystems
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Salinity - lolerancGer Ranges; oiiliLiMISeagrasses

Optimal Growth Lethal Salinity
Seagrass Species Salinity Range Range

(psu) (psu)

Shoal grass (Halodule wrightii) 20-44 6 or<; 70 or >

Clover or star grass (Halophila 23-40 13 or <; 50 or >
engelmannii)

Turtle grass (Thalassia testudinum) 24 — 38 10 or <; 48 or >

Manatee grass (Syringodium filiforme) 24 — 38 10 or <; 44 or >
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Hydrology Analyses

1) Geographic Scope ( Lower Laguna Madre and
its subwatersheds)

2) Flow Regime Period of Record (1977 - 2010)

3) Gage Selection (Arroyo Colorado @
Harlingen)

4) Ungaged Watersheds for LRGV
5) Gaged vs. Ungaged Inflows to LLM

68



Coastal Hydrology
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Average Monthly Total Combined Inflow to Lower

m1977-1993

m 1994-2010

Inflow (acre-ft)

It
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Ungaged discharge to Arroyo Colorado after local rainfall event



Nutrient Loading and Inflow Plume Effects on LLM

1) Evaluate nutrient loading data for Arroyo Colorado

2) Apply TxBLEND Model using Total Combined Inflow
to Lower Laguna Madre

3) Calculate monthly average salinity output

4) Develop salinity contour maps in 2 psu increments
5) Perform sensitivity analyses for 3 wet year pulses
6) Identify inflow thresholds producing 2 psu plumes

7) Perform overlays of salinity plumes and seagrass
change maps

74



Plant Nutrients:
From the Arroyo to the LLM

* Include mostly inorganic molecules needed by
primary producers (algae and plants) to grow
and reproduce

— Micronutrients such as iron, potassium,
manganese, zinc

— Macronutrients such as carbon, nitrogen and
phosphorus

— If one nutrient is lacking, organism will be stunted



Arroyo Nutrients

Table 8.3.2. Water quality averages for select parameters for the Arroyo Colorado at the
Port of Harlingen for the period March 1977 to August 2010.

Sp Total Total Total Total Ortho
Cond NH4 NO3 Kjeldahl PO4 PO4 Chl a
mg

[N _[185 161 |76 98 |36 [34  [136 |

*Arroyo nutrient levels are high compared to other
Texas waterways.
Nutrient loading rates are high but vary seasonally

Table 8.3.3. Seasonal nitrogen (DIN) and phosphate loading rates for the Arroyo Colorado. Loading rate estimates
are based on TCEQ water quality data from the Port of Harlingen and flow values from the Harlingen IBWC gage for

e [ T T TAvg [sb [Avg [sD  [Avg |
N 0l M o il

day flow 4 Load Load Load | Load ratio
I 7 O R PP PP P e

ft/da n n kg/da kg/da kg/day | kg/da molar

| Summer [446.8 |46 |10 [990.0 [19353 3445 |776 |66 |
(Fall  [5483 |31 |8 [957.0 10450 |7155 [7365 [31 = |



Nutrients encourage the growth of
~ LLM primary producers
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Seagrass epi

- Excessive seaweed
- growth


http://www.stewardshipcentre.bc.ca/static/eelgrass/epiphytes.jpg

Seagrasses can be affected
indirectly by high nutrient levels
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Salinity plumes from July - Aug 2008 inflows overlaid onto 2009 seagrass
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Freshwater Inflow Effects
on LLM Seagrass Ecosystem (modified)

IHFLﬂw nnnn IIIIIIIIITIIIIIIIII nnn [ N10] EIDLGG?
1 Nutrients

Light
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ESTUARY CONDITION

Figure 2.1-2 — Schematic of Relation of “Biclogy™ to “Inflow”
(Compressed from Figure 2.2-1)
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Three Categories of Inflow Regimes affecting Seagrasses

Flow Regimes Years of Monthly Pulses Ga/Ung Ratio
Occurrence (acre-ft)

(8) 1986 — 87, 1989 — < 40,000 3ormoretol
90, 1994, 2000, 2005,
2009

(12) 1984, 1988, 1991, >100,000 mostly 0.4to 1
1993, 1997-98, 2002 - (generally 2 months
2004, 2007 - 08, 2010  consecutively)

INTERMEDIATE (9) 1982-83, 1985, 50,000 - 85,000 1.2-2to1
1992, 1995 - 96, 1999, (often 2 + months
2001, 2006 consecutively)
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Combined Inflow Percentiles to Lower Laguna Madre
Dry Season Months (November — April) for years 1999-2008

Existing Dry Season Inflows to Natural Dry Season % of Nat Flows /
Lower Laguna Madre LR A Existing flows
Madre
Units (ac-ft/month) (ac-ft/month) %

Min 12,446 1,426 11.5%
0.05 13,537 1,895 14.0%
0.1 14,109 2,381 16.9%
o 0.2 16,270 3,428 21.1%
= 0.25 16,872 3,613 21.4%
§ 0.5 19,610 5,695 29.0%
CCI:J 0.75 25,504 12,901 50.6%
0.8 29,900 15,215 50.9%
0.9 40,833 28,023 68.6%
0.95 42,559 30,077 70.7%
Max 205,357 170,970 83.3%

Average 26,342 12,669 N/A

Median 19,610 5,695 N/A

St. Dev. 25,596 23,087 N/A




Combined Inflow Percentiles to Lower Laguna Madre
Wet Season Months (May — October) for years 1999-2008

Existing Wet Season Inflows to NEIED OB R % of Nat Flows /
Lower Laguna Madre [T (0 LT BEG T Existing flows
Madre
Units (ac-ft/month) (ac-ft/month) %

Min 12,313 3,613 29.3%
0.05 16,386 5,007 30.6%
0.1 17,743 5,531 31.2%
0.2 20,909 6,908 33.0%
= 0.25 21,214 7,888 37.2%
g 0.5 31,213 14,445 46.3%
E 0.75 51,620 38,152 73.9%
0.8 66,072 52,894 80.1%
0.9 107,042 92,771 86.7%
0.95 156,861 151,407 96.5%
Max 393,204 338,325 86.0%

Average 50,988 36,715 N/A

Median 31,213 14,445 N/A

St. Dev. 59,004 55,327 N/A




LLMRecommendation

* Freshwater inflow during the dry season (Nov-
Apr) is between 3,613 and 12,901 acre-feet |
E per month (daily avg flows of 61 to 217 cfs)

— During at least 3 months

— Does not exceed 217 cfs for more than 45 days
- during the season

— Is not less than 61 cfs for more then 45 days
during the season




LLM Recommendation

Freshwater inflow during the wet season
(May-Oct) is between 7,888 and 38,152 acre-
feet per month (daily avg flows of 133 to 641

cfs)

— During at least 3 months
— Does not exceed 641 cfs for more than 45 days
during the season

— Is not less than 133 cfs for more then 45 days
during the season



Report Organization

Section 1 Preamble

Section 2 Hydrology

Section 3 Lower Laguna Madre
Section 4 Rio Grande Estuary

Section 5 Ecological and hydrological characteristics above-tidal segment
of the Rio Grande from above Anzalduas dam to El Jardin weir

Section 6 Bahia Grande and San Martin Lake Complex
Section 7 Resacas and Brownsville resaca watershed
Section 8 Arroyo Colorado
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Section 10 Freshwater Inflow Recommendations
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Section 12 References
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Scientific knowledge

Uncertainty decreases as some function of increasing scientific knowledge. The statistical
thresholds that define Type | errors (the likelihood of incorrectly inferring a relationship
between variables when none exists) and Type Il errors (the likelihood of incorrectly
concluding no relationship when in fact one exists) are generally well established. The
location of the “good enough” threshold is more nebulous, and shifts toward the right as
the costs of making a mistake become greater.



